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m Binary Compatible with Large Software m 273-Pin Grid Array Package

Base . -
— DOS*, 0S/2*, UNIX*, and WINDOWS* m BICMOS Silicon Technology
.y aa: Increased Page Size
® 32-Bit Microprocessor — 4M for Increased TLB Hit Rate
— 32-Bit Addressing
— 64-Bit Data Bus m Multi-Processor Support
. — Multiprocessor Instructions
W Superscalar Architecture — Support for Second Level Cache
— Two Pipelined Integer Units
—_— Capab|e of under One Clock per m Internal Error Detection
Instruction — Functional Redundancy Checking
— Pipelined Floating Point Unit — Built in Self Test )
m Separate Code and Data Caches Parity Testing and Checking
— 8K Code, 8K Write Back Data m |EEE 1149.1 Boundary Scan
— 2-Way 32-Byte Line Size Compatibility
— Software Transparent m Performance Monitoring
— MESI Cache Consistency Protocol — Counts Occurrence of Internal
m Advanced Design Features Events
— Branch Prediction — Traces Execution through Pipelines

— Virtual Mode Extensions

The Pentium® processor (510\60, 567\66) provides the next generation of power for high-end workstations
and servers. The Pentium processor (510\60, 567\66) is compatible with the entire installed base of applica-
tions for DOS*, Windows*, 0S$/2*, and UNIX*. The Pentium processor’s superscalar architecture can execute
two instructions per clock cycle. Branch Prediction and separate caches also increase performance. The
pipelined floating point unit of the Pentium processor (510\60, 567\66) delivers workstation level perform-
ance. Separate code and data caches reduce cache conflicts while remaining software transparent. The
Pentium processor (510160, 567\66) has 3.1 million transistors and is built on Intel's 0.8 Micron BiCMOS
silicon technology. The Pentium processor may contain design defects or errors known as errata. Current
characterized errata are available upon request.
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PENTIUM® PROCESSOR (510\60, 567\66)

1.0 MICROPROCESSOR
ARCHITECTURE OVERVIEW

The Pentium® processor (510\60, 567\66) is the
next generation member of the Intel386™ and
Intel486T™ microprocessor family. It is 100% binary
compatible with the 8086/88, 80286, Intel386 DX
CPU, intel386 SX CPU, Intel486 DX CPU, Intel486
SX and the Intel486 DX2 CPUs.

The Pentium processor (510\60, 567\66) contains
all of the features of the Intel486 CPU, and provides
significant enhancements and additions including
the following:

e Superscalar Architecture

e Dynamic Branch Prediction

* Pipelined Floating-Point Unit
improved Instruction Execution Time
Separate 8K Code and Data Caches
* Writeback MES! Protocol in the Data Cache
e 64-Bit Data Bus

® Bus Cycle Pipelining

e Address Parity

* [nternal Parity Checking

® Functional Redundancy Checking

e Execution Tracing

® Performance Monitoring

e |EEE 1149.1 Boundary Scan

e System Management Mode

* Virtual Mode Extensions

The application instruction set of the Pentium proc-
essor (510\60, 567\66) includes the complete
Intel486 CPU instruction set with extensions to ac-
commodate some of the additional functionality of
the Pentium processor (510\60, 567\66). All appli-
cation software written for the Intel386 and Intel486
microprocessors will run on the Pentium processor
(510\60, 567\66) without modification. The on-chip
memory management unit (MMU) is completely
compatible with the Intei386 and Intel486 CPUs.

The Pentium processor (510\60, 567\66) imple-
ments several enhancements to increase perform-
ance. The two instruction pipelines and floating-
point unit on the Pentium processor (510\60,
567/66) are capabie of independent operation.
Each pipeline issues frequently used instructions in
a single clock. Together, the dual pipes can issue
two integer instructions in one clock, or one floating
point instruction (under certain circumstances, 2
floating point instructions) in one clock.

B 482kL175 015859k TO3 WA

intal.

Branch prediction is implemented in the Pentium
processor (510\60, 567\66). To support this, the
Pentium processor (510\60, 567\66) implements
two prefetch buffers, one to prefetch code in a linear
fashion, and one that prefetches code according to
the BTB so the needed code is almost always pre-
fetched before it is needed for execution.

The floating-point unit has been completely rede-
signed over the Intel486 CPU. Faster algorithms pro-
vide up to 10X speed-up for common operations in-
cluding add, multiply, and load.

The Pentium processor (510\60, 567\66) includes
separate code and data caches integrated on chip
to meet its performance goals. Each cache is
8 Kbytes in size, with a 32-bytes line size and is 2-way
set associative. Each cache has a dedicated Trans-
lation Lookaside Buffer (TLB) to translate linear ad-
dresses to physical addresses. The data cache is
configurable to be writeback or writethrough on a
line by line basis and follows the MESI protocol. The
data cache tags are tripie ported to support two data
transfers and an inquire cycle in the same clock. The
code cache is an inherently write protected cache.
The code cache tags are also triple ported to sup-
port snooping and split line accesses. Individual
pages can be configured as cacheable or non-
cacheable by software or hardware. The caches can
be enabled or disabled by software or hardware.

The Pentium processor (510\60, 567\66) has in-
creased the data bus to 64-bits to improve the data
transfer rate. Burst read and burst writeback cycles
are supported by the Pentium processor (510\60,
567\66). In addition, bus cycle pipelining has been
added to allow two bus cycles to be in progress
simultaneously. The Pentium processor (510\60,
567\66) Memory Management Unit contains option-
al extensions to the architecture which allow
4 Mbyte page sizes.

The Pentium processor (510\60, 567\66) has added
significant data integrity and error detection capabili-
ty. Data parity checking is still supported on a byte
by byte basis. Address parity checking, and internal
parity checking features have been added along
with a new exception, the machine check exception.
In addition, the Pentium processor (510\60, 567\66)
has implemented functional redundancy checking to
provide maximum error detection of the processor
and the interface to the processor. When functional
redundancy checking is used, a second processor,
the ‘“‘checker’ is used to execute in lock step with
the “master” processor. The checker samples the
master's outputs and compares those values with
the values it computes internally, and asserts an er-
ror signal if a mismatch occurs.

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003
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As more and more functions are integrated on chip, System management mode has been implemented
the complexity of board level testing is increased. To along with some extensions to the SMM architec-
address this, the Pentium processor (510\60, ture. Enhancements to the Virtual 8086 mode have
567\66) has increased test and debug capability. been made to increase performance by reducing the
Like many of the Intel486 CPUs, the Pentium proc- number of times it is necessary to trap to a virtual

essor (510\60, 567\66) implements |EEE Boundary 8086 monitor,

Scan (Standard 1149.1). In addition, the Pentium

processor (510\60, 567\66) has specified 4 break- Figure 1-1 shows a block diagram of the Pentium
point pins that correspond to each of the debug reg- processor (510\60, 567\66).

isters and externally indicate a breakpoint match.

Execution tracing provides external indications when The block diagram shows the two instruction pipe-

an instruction has completed execution in either of lines, the “u” pipe and the “v”’ pipe. The u-pipe can
the two internal pipelines, or when a branch has execute all integer and floating point instructions.
been taken. The v-pipe can execute simple integer instructions

and the FXCH floating point instructions.

Pentium® Microprocessor

[

Branch TLB
Target |Tretetch Code Cache
Buffer |Address 8 KBytes
'y F'y
NE
v
ln;trylilgon Prefetch Buffers Control
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P> l Control Unit I————
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Figure 1-1. Pentium® Processor (510\60, 567\66) Block Diagram
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PENTIUM® PROCESSOR (510\60, 567\66)

The separate caches are shown, the code cache
and data cache. The data cache has two ports, one
for each of the two pipes (the tags are triple ported
to allow simultaneous inquire cycles). The data
cache has a dedicated Translation Lookaside Buffer
(TLB) to translate linear addresses to the physical
addresses used by the data cache.

The code cache, branch target buffer and prefetch
buffers are responsible for getting raw instructions
into the execution units of the Pentium processor
(510\60, 567\66). Instructions are fetched from the
code cache or from the external bus. Branch ad-
dresses are remembered by the branch target buff-
er. The code cache TLB translates linear addresses
to physical addresses used by the code cache.

intal.

The decode unit decodes the prefetched instruc-
tions so the Pentium processor (510\60, 567\66)
can execute the instruction. The control ROM con-
tains the microcode which controls the sequence of
operations that must be performed to implement the
Pentium processor (510\60, 567\66) architecture.
The control ROM unit has direct control over both
pipelines.

The Pentium processor (510\60, 567\66) contains a
pipelined floating point unit that provides a signifi-
cant floating point performance advantage over
previous generations of the Pentium processor
(510\60, 567\66).

The architectural features introduced in this chapter
are more fully described in the Pentiurn® Processor
Family Developer’s Manual, Volume 3.

B 4326175 0158598 84L WM
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2.0 PINOUT

2.1 Pinout and Pin Descriptions

2.1.1 Pentium® PROCESSOR (510\60, 567\66) PINOUT

1 2 3 4 5 6 7 8 ] 10 11 12 13 14 15 16 17 18 19 20 2t
a /0O o O O O 0 O 00 OO0 000 O 0O O O O O|a
INV. MIO¥» EWBE# Vcc Vec Vee Vec Voo DP2 D23 Vee Vee Vec Vee Vee Voo Voc Voo DPS D43 D4S
8| O O o O O 0O O O OO0 O O O O O O O O O Qg
v BP2 B8P3 D$ Vas Vas Vss Vas D17 D24 Vss Vsa Vss Vss Vas Vas Vas Vas D41 D47 D48
c| O o o O O O O O O 0 0O O 0 O O O ©] O e
Vec IERR® PM1V/BP1 D4 DP1 D18 D22 D25 D29 D31 D26 D9 D10 D12 D19 D21 D33 D38 D34 D50 DS2
e 90(: PMWHPO(D)O 93 D15 [95 80 83 87 Dg Dg [%0 [94 DOM) 89 87 85 8‘ 80 [92 944 o
e| O o o O O O O g
Vee Vss D1 D2 D11 D4s DP& DS54 DP7
flo 0 O © o) O |,
Vee Vas D3 Ds D5t D49 D57 Vee
slO O O Q O O Ol
Veo Vas DS 07 D53 D55 Vas Vec
WO O o) O 0 O Ol
Vec Vss FERR# DPO D63 D59 Vss DSs
JOo o o o O QO O O,
Vas U KEN# CACHE# D58 D62 Vss Vec
KO O O O O O 0O Ok
Vas Vas NA# BOFF# CLK D61 Vss Vce
dOo 0 o O Top View O 0 0 O,
Vas AHOLD NC  BRDY# RESET D60 Vss Vcc
MO O O O O O 0O Ol
Vss WB/WT# EADS# HITM# PEN# FRCMC# Vss Vcc
MR Rwe % Wt Vas o™
O O O O
e Qt 9,, @ Ag%, SMi¥ TMS Vas Vec|P
O O O O
R RS e Vee 6c g- voee a
R 9-:: vg Pcr(i?u s?vc RS# NC Ves Veo|©
1R R o e Tns('?c N%)lsu%o Qnos
T Qcc VouBUS(G)HKl TQKSIMAQT! BOEII 9'2 (BDTO AOZG 90 97 95 93 91 A9 Ao7 9’ 9(2 %‘I’ INIT TDI T
v o o o O 0o 0 O O O O O O O O v |
Vcc FLUSH® PRDY BEO# A20M# BEZ#BESS A24 A22 A20 A18 AIS  Al14 A12 A0 A3 AS AS A25 A23 A21 \
vi O o o O O O O OO0 0 O OO0 0 OO0 O O v
BE3# BREQ LOCK# D/C# HOLD A28 Vas Vas Vas Vas Vas Vaas Vsa Vss Vss Vss Vaa Vas A31 A20 A27
wi O O O 0O O 0 O 00 000 000 OO0 O OO0 O|Ww
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1 2 3 4 5 € 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 ‘
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Figure 2-1. Pentium® Processor (510\60, 567\66) Pinout (Top View)
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Figure 2-2. Pentium® Processor (510\60, 567\66) Pinout (Bottom View)
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Table 2-1. Pentium® Processor (510\60, 567\66) Pin Cross Reference Table by Pin Name

PENTIUM® PROCESSOR (510\60, 567\66)

I

Signal Location Signal Location Signa! Location Signal Location
A3 T17 BE2# uos D18 Cco6 D54 E20
A4 W19 BE3# Vo1 D19 C15 D55 G19
A5 u18 BE4 # TO6 D20 D07 D56 H21
A6 U17 BE5 # So4 D2t cié D57 F20
A7 T16 BE6 # uo7 D22 co7 D58 J18
A8 uié BE7 # Wo1 D23 A10 D59 H19
AS T15 BOFF # K04 D24 B10 D60 L19
A10 U15 BP2 B02 D25 cos D61 K19
A1 T14 BP3 B0O3 D26 C11 D62 J19
At2 Ut4 BRDY # LO4 D27 D09 D63 H18
A13 T13 BREQ Vo2 D28 D11 D/C# Vo4
Al4 u13 BTO To8 D29 Co9 DPO HO4
A15 T12 BT1 w21 D30 D12 DP1 Co5
A16 Uiz BT2 T07 D31 C10 DP2 A9
A7 T11 BT3 W20 D32 D10 DP3 Do8
A18 U11 BUSCHK# | TO3 D33 C17 DP4 D18
A19 T10 CACHE # JO4 D34 c19 DP5 A19
A20 U10 CLK K18 D35 D17 DP6 E19
A21 u21 Do Do3 D36 ci18 DP7 E21
A22 uo9 D1t EO3 D37 D16 EADS # MO3
A23 uz20 D2 EO4 D38 D19 EWBE # A03
A24 uos D3 FO3 D39 D15 FERR # HO3
A25 U19 D4 co4 D40 D14 FLUSH # uo2
A26 TO9 D5 G03 D41 B19 FRCMC# | M19
A27 v21 D6 B04 D42 D20 HIT # wo2
A28 V06 D7 G0o4 D43 A20 HITM # MO04
A29 Va0 D8 FO4 D44 D21 HLDA Q03
A30 wo5 D9 ci12 D45 A21 HOLD Vo5
A31 V19 D10 C13 D46 E18 IBT T19
A20M # uos D11 E05 D47 B20 IERR # co2
ADS# P04 D12 Ci14 D48 B21 IGNNE # S20
AHOLD LO2 D13 Do4 D49 F19 INIT T20
AP P03 D14 D13 D50 c20 INTR N18
APCHK# | W03 D15 Dos D51 F18 INV AOD1
BEO# uo4 D16 Do6 D52 c21 U Jo2
BE1# Qo4 D17 BOg D53 G18 v BO1

B 4526175 0158601 170 HA 2-19
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PENTIUM® PROCESSOR (510\60, 567\66)
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Table 2-1. Pentium® Processor (510\60, 567\66) Pin Cross Reference Table by Pin Name (Continued)

2.2 Design Notes

For reliable operation, always connect unused in-
puts to an appropriate signal level. Unused active
LOW inputs should be connected to Vgg. Unused
active HIGH inputs should be connected to GND.

No Connect (NC) pins must remain unconnected.
Connection of NC pins may result in component fail-
ure or incompatibility with processor steppings.

NOTE:

The No Connect pin located at LO3 (BRDYC#)
along with BUSCHK # are sampled by the Pentium
processor (510\60, 567\66) at RESET to configure
the 1/0O buffers of the processor for use with the
82496 Cache Controller/82491 Cache SRAM sec-
ondary cache as a chip set (refer to the Pentium®
Processor Family Developer's Manual, Volume 2
for further information).

M 4826175 0158L02 037 M

2-20

Signal Location Signal Location Signal Location Signal Location
KEN # Jo3 RESET | Li8 NC LO3, NO4, Vss BOS, BO6,
Q19, R19, BO7, BOS,
LOCK# | Vo3 R/S# R18 1o T18 B11 Bio.
/10 # A B13, B14,
M/I0 02 SCYC RO4 Voo | A0, s, B13. B14
NA# Ko3 SMI# P18 A0S, A07, B17 B18.
LAY, » 218,
NMI N19 SMIACT# | T05 ﬁ?g i3 E%g, FG°226
PCD W04 TCK To4 2}2' :] 3 HO2, H20,
PCHK# | RO3 DI T21 A18, CO1, ‘}J(%g’ Jfgé
PEN# M18 TDO s21 Do, EO1, K20, LO1,
Fo1, F21, Lo Mot
PMO/BPO | D02 ™S P19 GO1, G21, M20. NO2
PM1/BP1 | CO3 TRST# | S18 HO1, J21 N20, P02,
K21, L2A, P20, Q02
PRDY Uo3 WB/WT# | Mo2 M21, No1, 020, ROB
PWT s03 W/R# NO3 Bt ggl' R20, SO2,
+ QO1, T02, V07,
Q18, Q21, V08, V09
Ro1, R21, V10, V11,
801, 04, V1T,
V12, V13,

U01, W08,
V14, V15,
Wo7, Wos, V16, V17
W09, W10, vig "

W11, W12,

W13, W14,

W15, W16,

W17, W18

2.3 Quick Pin Reference

This section gives a brief functional description of
each of the pins. For a detailed description, see the
Hardware Interface chapter in the Pentiurm® Proces-
sor Family Developer’'s Manual, Volume 1. Note
that all input pins must meet their AC/DC specifi-
cations to guarantee proper functional behavior.
In this section, the pins are arranged in alphabetical
order. The functional grouping of each pin is listed at
the end of this chapter.

The # symbol at the end of a signal name indicates
that the active, or asserted state occurs when the
signal is at a low voltage. When a # symbol is not
present after the signal name, the signal is active, or
asserted at the high voltage level.
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Table 2-2. Quick Pin Reference
Symbol Type* Name and Function

A20M# | When the address bit 20 mask pin is asserted, the Pentium® Processor
(510\60, 567\66) emulates the address wraparound at one Mbyte which
occurs on the 8086. When A20M # is asserted, the Pentium processor
(510\60, 567\66) masks physical address bit 20 (A20) before performing a
lookup to the internal caches or driving a memory cycle on the bus. The effect
of A20M# is undefined in protected mode. A20M # must be asserted only
when the processor is in real mode.

A31-A3 170 As outputs, the address lines of the processor along with the byte enables
define the physical area of memory or I/0 accessed. The external system
drives the inquire address to the processor on A31-A5.

ADS # 0 The address status indicates that a new valid bus cycle is currently being
driven by the Pentium processor (510\60, 567\66).
AHOLD 170 In response to the assertion of address hold, the Pentium processor (510\60,

567\66) will stop driving the address lines (A31-A3), and AP in the next clock.
The rest of the bus will remain active so data can be returned or driven for
previously issued bus cycles.

AP 170 Address parity is driven by the Pentium processor (510\60, 567\66) with even
parity information on all Pentium processor (510\60, 567\66) generated cycles
in the same clock that the address is driven. Even parity must be driven back to
the Pentium processor (610\60, 567\66) during inquire cycles on this pin in the
same clock as EADS # to ensure that the correct parity check status is
indicated by the Pentium processor (510\60, 567\66).

APCHK # (@] The address parity check status pin is asserted two clocks after EADS# is
sampled active if the Pentium processor (510\60, 567\66) has detected a
parity error on the address bus during inquire cycles. APCHK # will remain
active for one clock each time a parity error is detected.

BE7 # -BEO # @] The byte enable pins are used to determine which bytes must be written to
external memory, or which bytes were requested by the CPU for the current
cycle. The byte enables are driven in the same clock as the address lines
(A31-3).

BOFF # [ The backoffinput is used to abort all outstanding bus cycles that have not yet
completed. In response to BOFF #, the Pentium processor (510\60, 567\66)
will float all pins normally floated during bus hold in the next clock. The
processor remains in bus hold until BOFF # is negated at which time the
Pentium processor (510\60, 567\66) restarts the aborted bus cycle(s) in their
entirety.
|

BP[3:2] 0 The breakpoint pins (BP3-0) correspond to the debug registers, DR3-DRO.
PM/BP[1:0] These pins externally indicate a breakpoint match when the debug registers

are programmed to test for breakpoint matches.

BP1 and BP0 are multiplexed with the Performance Monitoring pins (PM1 and
PMO). The PB1 and PBO bits in the Debug Mode Contro! Register determine if
the pins are configured as breakpoint or performance monitoring pins. The pins
come out of reset configured for performance monitoring.

BRDY # [ The burst ready input indicates that the external system has presented valid
data on the data pins in response to a read or that the external system has
accepted the Pentium processor (510\60, 567\66) data in response to a write
request. This signal is sampled in the T2, T12 and T2P bus states.

I M 4826175 0158L03 T73 WA 2-21
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Table 2-2. Quick Pin Reference (Continued)
Symbol | Type® | Name and Function

BREQ e} The bus request output indicates to the external system that the Pentium
processor (510\60, 567\66) has internally generated a bus request. This signal is
always driven whether or not the Pentium processor (510\60, 567\66) is driving

its bus.
BT3-BTO @] The branch trace outputs provide bits 2-0 of the branch target linear address
! (BT2-BT0) and the default operand size (BT3) during a branch trace message
i | special cycle.
BUSCHK # l ' The bus check input allows the system to signal an unsuccessful completion of a

. bus cycle. If this pin is sampled active, the Pentium processor (510\60, 567\66)
will latch the address and control signals in the machine check registers. If in
addition, the MCE bit in CR4 is set, the Pentium processor (510\60, 567\66) will
vector to the machine check exception.

For Pentium processor (510\60, 567\66)-initiated cycles the cache pin indicates
internal cacheability of the cycie (if a read), and indicates a burst writeback cycle
(if a write). If this pin is driven inactive during a read cycle, Pentium processor
(510\60, 567\686) will not cache the returned data, regardiess of the state of the
KEN# pin. This pin is also used to determine the cycle length (number of
transfers in the cycie).

CACHE# O

' The clock input provides the fundamental timing for the Pentium processor

. (510160, 567\66). Its frequency is the internal operating frequency of the Pentium
processor (510\60, 567\66) and requires TTL levels. All external timing
parameters except TDI, TDO, TMS and TRST # are specified with respect to the
rising edge of CLK.

D/C# O The Data/Code output is one of the primary bus cycle definition pins. It is driven
valid in the same clock as the ADS # signal is asserted. D/C# distinguishes
between data and code or special cycles.

CLK

D63-DO /0 These are the 64 data /ines for the processor. Lines D7-DO define the least
significant byte of the data bus; lines D63-D56 define the most significant byte of
the data bus. When the CPU is driving the data lines, they are driven during the
T2, T12, or T2P clocks for that cycle. During reads, the CPU samples the data bus

when BRDY # is returned.

DP7-DPO 170 These are the data parity pins for the processor. There is one for each byte of the
data bus. They are driven by the Pentium processor (510\60, 567\66) with even
parity information on writes in the same clock as write data. Even parity
information must be driven back to the Pentium processor (510\60, 567\66) on
these pins in the same clock as the data to ensure that the correct parity check
status is indicated by the Pentium processor (510\60, 567\66). DP7 applies to
D63-D56, DPO applies to D7-D0.

EADS # : This signal indicates that a valid external address has been driven onto the
Pentium processor (510\60, 567\66) address pins to be used for an inquire cycle.

EWBE # The external write buffer empty input, when inactive (high), indicates that a write
cycle is pending in the external system. When the Pentium processor (510\60,
567\66) generates a write, and EWBE # is sampled inactive, the Pentium
processor (510\60, 567\66) will hold off all subsequent writes to all E or M-state
lines in the data cache until all write cycles have completed, as indicated by

EWBE # being active.
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PENTIUM® PROCESSOR (510\60, 567\66)

Table 2-2. Quick Pin Reference (Continued)

Symbol

Name and Function

FERR#

The floating point error pin is driven active when an unmasked floating point error
occurs. FERR # is simitar to the ERROR # pin on the Intel387™ math
coprocessor. FERR # is included for compatibility with systems using DOS type
floating point error reporting.

FLUSH #

When asserted, the cache flush input forces the Pentium processor (510\60,
567\66) to writeback all modified lines in the data cache and invalidate its internal
caches. A Flush Acknowledge special cycle will be generated by the Pentium
processor (510\60, 567\66) indicating completion of the writeback and
invalidation.

If FLUSH # is sampled low when RESET transitions from high to low, tristate test
mode is entered.

FRCMC#

The Functional Redundancy Checking Master/Checker mode input is used to
determine whether the Pentium processor (510\60, 567\66) is configured in
master mode or checker mode. When configured as a master, the Pentium
processor (510160, 567\66) drives its output pins as required by the bus protocol.
When configured as a checker, the Pentium processor (510\60, 567\66) tristates
all outputs (except IERR# and TDO) and samples the output pins.

The configuration as a master/checker is set after RESET and may not be
changed other than by a subsequent RESET.

HIT #

The hit indication is driven to reflect the outcome of an inquire cycle. If an inquire
cycle hits a valid line in either the Pentium processor (510\60, 567\66) data or
instruction cache, this pin is asserted two clocks after EADS # is sampled asserted.
If the inquire cycle misses Pentium processor (510\60, 567\66) cache, this pin is
negated two clocks after EADS #. This pin changes its value only as a result of an
inquire cycle and retains its value between the cycles.

HITM #

The hit to a modified line output is driven to reflect the outcome of an inquire cycle.

It is asserted after inquire cycles which resulted in a hit to a modified line in the data
cache. It is used to inhibit another bus master from accessing the data untit the line
is completely written back.

HLDA

The bus hold acknowledge pin goes active in response to a hold request driven to
the processor on the HOLD pin. it indicates that the Pentium processor (510\60,
567\66) has floated most of the output pins and relinquished the bus to another
local bus master. When leaving bus hold, HLDA wiil be driven inactive and the
Pentium processor (510\60, 567\66) will resume driving the bus. If the Pentium
processor (510\60, 567\66) has bus cycle pending, it will be driven in the same
clock that HLDA is deasserted.

HOLD

In response to the bus hold request, the Pentium processor (510\60, 567\66) will
float most of its output and input/output pins and assert HLDA after completing all
outstanding bus cycles. The Pentium processor (510\60, 567\66) will maintain its
bus in this state until HOLD is deasserted. HOLD is not recognized during LOCK
cycles. The Pentium processor (510\60, 567\66) wiil recognize HOLD during reset.

IBT

The instruction branch taken pin is driven active (high) for one clock to indicate that
a branch was taken. This output is always driven by the Pentium processor
(510\60, 567\66).

E— I
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Table 2-2. Quick Pin Reference (Continued)

Symbol Type~” Name and Function

IERR # 0 The internal error pin is used to indicate two types of errors, internal parity errors
and functional redundancy errors. If a parity error occurs on a read from an internal
array, the Pentium processor (510\60, 567\66) will assert the IERR # pin for one
clock and then shutdown. If the Pentium processor (510\60, 567\66) is configured
as a checker and a mismatch occurs between the value sampled on the pins and
the corresponding value computed internatly, the Pentium processor (510\60,
567\66) will assert IERR # two clocks after the mismatched value is returned.

IGNNE # | This is the ignore numeric error input. This pin has no effect when the NE bit in CRO
is set to 1. When the CRO.NE bit is 0, and the IGNNE # pin is asserted, the Pentium
processor (510\60, 567\66) will ignore any pending unmasked numeric exception
and continue executing floating point instructions for the entire duration that this pin
is asserted. When the CRO.NE bit is 0, IGNNE # is not asserted, a pending
unmasked numeric exception exists (SW.ES = 1), and the floating point instruction
is one of FINIT, FCLEX, FSTENV, FSAVE, FSTSW, FSTCW, FENI, FDISI, or
FSETPM, the Pentium processor (510\60, 567\66) will execute the instruction in
spite of the pending exception. When the CRO.NE bit is 0, IGNNE # is not asserted,
a pending unmasked numeric exception exists (SW.ES = 1), and the floating point
instruction is one other than FINIT, FCLEX, FSTENV, FSAVE, FSTSW, FSTCW,
FENI, FDISI, or FSETPM, the Pentium processor (510\60, 567\66) will stop
execution and wait for an external interrupt.

INIT | The Pentium processor (510\60, 567\66) /initialization input pin forces the Pentium
processor (510\60, 567\66) to begin execution in a known state. The processor
state after INIT is the same as the state after RESET except that the internal
caches, write buffers, and fioating point registers retain the values they had prior to
INIT. INIT may NOT be used in lieu of RESET after power-up.

If INIT is sampled high when RESET transitions from high to low the Pentium
processor (510\60, 567\66) will perform built-in self test prior to the start of
program execution.

INTR ! An active maskable interrupt input indicates that an external interrupt has been
generated. If the IF bit in the EFLAGS register is set, the Pentium processor
(510\60, 567\66) will generate two locked interrupt acknowledge bus cycles and
vector to an interrupt handler after the current instruction execution is completed.
INTR must remain active until the first interrupt acknowledge cycle is generated to
assure that the interrupt is recognized.

INV | The invalidation input determines the final cache line state (S or 1) in case of an
inguire cycle hit. It is sampled together with the address for the inquire cycle in the
clock EADS # is sampled active.

1Y) O The u-pipe instruction complete output is driven active (high) for 1 clock to indicate
that an instruction in the u-pipeline has completed execution. This pin is always
driven by the Pentium processor (510\60, 567\66).

v O The v-pipe instruction complete output is driven active (high) for one clock to
indicate that an instruction in the v-pipeline has completed execution. This pin is
always driven by the Pentium processor (510\60, 567\66).

KEN # | The cache enable pin is used to determine whether the current cycle is cacheable
or not and is consequently used to determine cycle length. When the Pentium
processor (510\60, 567\66) generates a cycle that can be cached (CACHE #
asserted) and KEN # is active, the cycle will be transformed into a burst line fill
cycle.
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PENTIUM® PROCESSOR (510\60, 567\66)

Table 2-2. Quick Pin Reference (Continued)

Symbol

Type*

Name and Function

LOCK #

The bus lock pin indicates that the current bus cycle is locked. The Pentium
processor (510\60, 567\66) will not allow a bus hold when LOCK # is asserted
(but AHOLD and BOFF # are allowed). LOCK # goes active in the first clock of
the first locked bus cycle and goes inactive after the BRDY # is returned for the
last locked bus cycie. LOCK # is guaranteed to be deasserted for at least one
clock between back to back locked cycles.

M/10#

The Memory/Input-Output is one of the primary bus cycle definition pins. It is
driven valid in the same clock as the ADS # signal is asserted. M/IO #
distinguishes between memory and /0 cycles.

NA #

An active next address input indicates that the external memory system is
ready to accept a new bus cycle although all data transfers for the current cycle
have not yet completed. The Pentium processor (510\60, 567\66) will drive out
a pending cycle two clocks after NA # is asserted. The Pentium processor
(510\60, 567\66) supports up to 2 outstanding bus cycles.

NMI

The non-maskable interrupt request signal indicates that an external non-
maskable interrupt has been generated.

PCD

The page cache disable pin refiects the state of the PCD bit in CR3, the Page
Directory Entry, or the Page Table Entry. The purpose of PCD is to provide an
external cacheability indication on a page by page basis.

PCHK #

The parity check output indicates the result of a parity check on a data read. It
is driven with parity status two clocks after BRDY # is returned. PCHK #
remains low one clock for each clock in which a parity error was detected.
Parity is checked only for the bytes on which valid data is returned.

PEN#

The parity enable input (along with CR4.MCE) determines whether a machine
check exception will be taken as a result of a data parity error on a read cycle.
If this pin is sampled active in the clock a data parity error is detected, the
Pentium processor (510\60, 567\66) will latch the address and control signals
of the cycle with the parity error in the machine check registers. If in addition
the machine check enable bit in CR4 is set to “1”, the Pentium processor
(510\60, 567\66) will vector to the machine check exception before the
beginning of the next instruction.

PM/BP[1:0]B
P[3:2]

These pins function as part of the Performance Monitoring feature.

The breakpoint pins BP[1:0] are multiplexed with the Performance Monitoring
pins PM[1:0]. The PB1 and PBO bits in the Debug Mode Control Register
determine if the pins are configured as breakpoint or performance monitoring
pins. The pins come out of reset configured for performance monitoring.

PRDY

The PRDY output pin indicates that the processor has stopped normal
execution in response to the R/S# pin going active, or Probe Mode being
entered.

PWT

The page write through pin reflects the state of the PWT bit in CR3, the Page
Directory Entry, or the Page Table Entry. The PWT pin is used to provide an
external writeback indication on a page by page basis.

R/S#

The R/S# input is an asynchronous, edge sensitive interrupt used to stop the
normal execution of the processor and place it into an idle state. A high to low
transition on the R/S# pin will interrupt the processor and cause it to stop
execution at the next instruction boundary.
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PENTIUM® PROCESSOR (510\60, 567\66) |nte| .

Table 2-2. Quick Pin Reference (Continued)

Symbol Type* Name and Function

RESET | Reset forces the Pentium processor (510\60, 567\66) to begin execution at a
known state. All the Pentium processor (510\60, 567\66) internal caches will be
invalidated upon the RESET. Modified lines in the data cache are not written back.

FLUSH#, FRCMC# and INIT are sampled when RESET transitions from high to
low to determine if tristate test mode or checker mode will be entered, or if BIST
will be run.

SCYC [®] The split cycle output is asserted during misaligned LOCKed transfers to indicate
that more than two cycles will be locked together. This signal is defined for locked
cycles only. It is undefined for cycles which are not locked.

SMi# | The system Management Interrupt causes a system management interrupt
request to be latched internally. When the latched SMI # is recognized on an
instruction boundary, the processor enters System Management Mode.

SMIACT # (@] An active systern management interrupt active output indicates that the processor
is operating in System Management Mode (SMM).

TCK 1 The testability clock input provides the clocking function for the Pentium processor
(510\60, 567\66) boundary scan in accordance with the IEEE Boundary Scan
interface (Standard 1149.1). itis used to clock state information and data into and
out of the Pentium processor (510\60, 567\66) during boundary scan.

™o i The test data input is a serial input for the test logic. TAP instructions and data are
shifted into the Pentium processor (510\60, 567\66) on the TDI pin on the rising
edge of TCK when the TAP controller is in an appropriate state.

TDO ' C The test data output is a serial output of the test logic. TAP instructions and data
X are shifted out of the Pentium processor (510\60, 567\66) on the TDO pin on the
falling edge of TCK when the TAP controller is in an appropriate state.

T™MS | The value of the test mode sefect input signal sampled at the rising edge of TCK
controls the sequence of TAP controiler state changes.

TRST # | When asserted, the test reset input allows the TAP controller to be
asynchronously initialized.

W/R# (o] Write/Read is one of the primary bus cycle definition pins. It is driven valid in the

same clock as the ADS # signal is asserted. W/R # distinguishes between write
and read cycles.

WB/WT # I The writeback/writethrough input aliows a data cache line to be defined as write
back or write through on a line by line basis. As a result, it determines whether a
cache line is initially in the S or E state in the data cache.

NOTE:

*The pins are classified as Input or Output based on their function in Master Mode. See the Functional Redundancy Check-
ing section in the “‘Error Detection” chapter of the Pentium® Processor Family Developer’'s Manual, Volume 1, for further
information.
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2.4 Pin Reference Tables Table 2-4. Input Pins
Table 2-3. Output Pins Name Active | Synchronous/ lnt?rnal Qualified
Level Asynchronous | resistor
Active
Name Level When Floated A20M # LOW | Asynchronous
ADS # LOW Bus Hold, BOFF # AHOLD HIGH | Synchronous
APCHK # LOW BOFF # LOW [ Synchronous
BE7#-BEO# | LOW | Bus Hold, BOFF # BRDY#  |LOW | Synchronous Bus
State T2,
BREQ HIGH T12, T2P
BT3-BTO n/a BUSCHK# | LOW | Synchronous Pullup BRDY #
CACHE # LOW Bus Hold, BOFF # CLK n/a
FERR# LOW EADS # LOW | Synchronous
HIT # LOW EWBE # LOW | Synchronous BRDY #
HITM # LOW FLUSH# |[LOW [ Asynchronous
HLDA HIGH FRCMC# |LOW | Asynchronous
IBT HIGH HOLD HIGH | Synchronous
IERR # LOW IGNNE # LOW | Asynchronous
1V) HIGH INIT HIGH | Asynchronous
v HIGH INTR HIGH | Asynchronous
LOCK # LOW Bus Hold, BOFF # INV HIGH | Synchronous EADS #
M/I0#, n/a Bus Hold, BOFF # KEN # LOW | Synchronous First
D/C#, BRDY #/
W/R# NA#
PCHK # LOW NA# LOW | Synchronous Bus
BP3-2, HIGH $§«$;Pz,
PM1/BP1, .
PMO/BPO NMI HIGH | Asynchronous
PRDY HIGH PEN# LOW | Synchronous BRDY #
PWT, PCD HIGH Bus Hold, BOFF # R/S# n/a Asynchronous Pullup
SCYC HIGH Bus Hold, BOFF # RESET HIGH { Asynchronous
SMIACT # LOW SMI# LOW | Asynchronous Puliup
TDO n/a All states except TCK n/a Pullup
hift-| ift-
Shift-DR and Shift-IR DI n/a |Synchronous/TCK | Pullup | TCK
NOTE: TMS n/a Synchronous/TCK | Pullup | TCK
All output and input/output pins are floated during tri-
state test mode and checker mode (except IERR #). TRST# LOW | Asynchronous Pultup
WB/WT# |[n/a Synchronous First
BRDY #/
NA #

B 4826175 0158605 491 WA
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PENTIUM® PROCESSOR (510\60, 567\66)

Table 2-5. input/Output Pins

intal.

Name Active Level When Floated Quallﬂ'ed
(when an input)
A31-A3 n/a Address hold, Bus Hold, BOFF # EADS #
AP n/a Address hold, Bus Hold, BOFF # EADS #
D63-D0 n/a Bus Hold, BOFF # BRDY #
DP7-DPQ n/a Bus Hold, BOFF # BRDY #
NOTE:
All output and input/output pins are floated during tristate test mode {except TDO) and checker mode (except IERR# and
TDO).
228 B 4426175 0158L10 103 mm
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2.5 Pin Grouping According to

Function

Table 2-6 organizes the pins with respect to their

function.

Table 2-6. Pin Functional Grouping

Function Pins
Clock CLK
Initialization RESET, INIT
Address Bus A31-A3, BE7#-BEO#
Address Mask A20M #
Data Bus D63-D0
Address Parity AP, APCHK #
Data Parity DP7-DPO, PCHK #,

PEN #

Internal Parity Error IERR #
System Error BUSCHK #

Bus Cycle Definition M/IO#,D/C#, W/R#,
CACHE#, SCYC,
LOCK #

Bus Control ADS#, BRDY #, NA#

Page Cacheability PCD, PWT

Cache Control KEN#, WB/WT #

Cache Snooping/ AHOLD, EADS#, HIT #,

Consistency HITM#, INV

Cache Flush FLUSH #

Write Ordering EWBE #

Bus Arbitration

BOFF #, BREQ, HOLD,
HLDA

Management Mode

Interrupts INTR, NMi
Floating Point Error FERR #, IGNNE #
Reporting

System SMI#, SMIACT #

Functional FRCMC# (IERR #)

Redundancy

Checking

TAP Port TCK, TMS, TDI, TDO,
TRST #

Breakpoint/ PMO/BPO, PM1/BP1,

Performance BP3-2

Monitoring

Execution Tracing

BT3-BTO, IU, IV, IBT

Probe Mode

R/S#, PRDY

PENTIUM® PROCESSOR (510\60, 567\66)

2.6 Output Pin Grouping According to
when Driven

This section groups the output pins according to
when they are driven.

Group 1

The following output pins are driven active at the
beginning of a bus cycle with ADS#. A31-A3 and
AP are guaranteed to remain valid until AHOLD is
asserted or until the earlier of the clock after NA# or
the last BRDY #. The remaining pins are guaranteed
to remain valid until the earlier of the clock after
NA# or the last BRDY #:

A31-A3, AP, BE7#-0#, CACHE#, M/IO#,
W/R#, D/C#, SCYC, PWT, PCD.

Group 2

As outputs, the following pins are driven in T2, T12,
and T2P. As inputs, these pins are sampled with
BRDY #:

D63-0, DP7-0.

Group 3

These are the status output pins. They are always
driven:

BREQ, HIT#, HITM#, iU, IV, IBT, BT3-BTO,
PMO/BPO, PM1/BP1, BP3, BP2, PRDY, SMIACT #.

Group 4
These are the glitch free status output pins.

APCHK#, FERR#, HLDA, IERR#, LOCK#,
PCHK #.

3.0 ELECTRICAL SPECIFICATIONS

3.1 Power and Ground

For clean on-chip power distribution, the Pentium
processor (510\60, 567\66) has 50 Vcc (power)
and 49 Vgg (ground) inputs. Power and ground con-
nections must be made to all external Vgg and Vgg
pins of the Pentium processor (510\60, 567\66). On
the circuit board, all Vec pins must be connected to
a Vg plane. All Vgg pins must be connected to a
Vssg plane.
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PENTIUM® PROCESSOR (510\60, 567\66)

3.2 Decoupling Recommendations

Liberal decoupling capacitance should be placed
near the Pentium processor (510\60, 567\66). The
Pentium processor (510\60, 567\66) driving its
large address and data buses at high frequencies
can cause transient power surges, particularly when
driving large capacitive loads.

Low inductance capacitors (i.e. surface mount ca-
pacitors) and interconnects are recommended for
best high frequency electrical performance. Induc-
tance can be reduced by connecting capacitors di-
rectly to the Vg and Vgg planes, with minimal trace
length between the component pads and vias to the
plane. Capacitors specifically for PGA packages are
also commercially available.

These capacitors should be evenly distributed
among each component. Capacitor values should
be chosen to ensure they eliminate both low and
high frequency noise components.

to ground
3.3 Connection Specifications Supply voltage —0.5Vto +6.5V
. ) with respect to
All NC pins must remain unconnected. Vss
For reliable operation, always connect unused in-
puts to an appropriate signal level. Unused active
low inputs should be connected to V. Unused ac-
tive high inputs should be connected to ground.
230 B 4826175 0158L12 TAL mm

intal.

Table 3-1 is a stress rating only. Functional opera-
tion at the maximums is not guaranteed. Functional
operating conditions are given in the A.C. and D.C.
specification tables.

3.4 Maximum Ratings

Extended exposure to the maximum ratings may af-
fect device reliability. Furthermore, aithough the
Pentium processor (510\60, 567\66) contains pro-
tective circuitry to resist damage from static electric
discharge, always take precautions to avoid high
static voitages or electric fields.

Table 3-1. Absolute Maximum Ratings

Case temperature —65°Cto +110°C

under bias

Storage —65°Cto +150°C

temperature

Voltage on any
pin with respect

—0.5 Vg to Voo + 0.5 (V)
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3.5 D.C. Specifications

PENTIUM® PROCESSOR (510160, 567\66)

Table 3-2 lists the D.C. specifications associated with the Pentium processor (510\60, 567\66).

Table 3-2. Pentium® Processor (510\60, 567\66) D.C. Specifications
Vce = See Notes 10, 11; Tga5¢ = See Notes 12, 13

Symbol Parameter Min Max Unit Notes

ViL Input Low Voltage -0.3 +0.8 A TTL Level

ViH Input High Voitage 2.0 Vo + 0.3 ) TTL Level

VoL Output Low Voltage 0.45 \ TTL Level, (1)

VoH Qutput High Voltage 2.4 \ TTL Level, (2)

lcc Power Supply Current 3200 mA 66 MHz, (7), (8)
2910 mA 60 MHz, (7), (9)

L) Input Leakage Current +156 uA 0 < ViN < Ve, (4)

Ito Output Leakage Current +15 uA 0 < Vouyt < Vg Tristate, (4)

e Input Leakage Current —400 uA Vin = 0.45V, (5)

liH Input Leakage Current 200 uA VinN = 2.4V, (6)

Cin Input Capacitance 15 pF

Co Qutput Capacitance 20 pF

Cvo 170 Capacitance 25 pF

CoLk CLK Input Capacitance 8 pF

CTin Test Input Capacitance 15 pF

Crout Test Output Capacitance 20 pF

Crck Test Clock Capacitance 8 pF

NOTES:

. Parameter measured at 4 mA load.

Parameter measured at 1 mA load.

. This parameter is for input without pullup or pulldown.
This parameter is for input with puliup.

. This parameter is for input with pulidown.

. Worst case average Igg for a mix of test patterns.

OCONDUAN—

10. Vgg = 5V % 5% at 60 MHz.

11. Voo = 4.9V to 5.40V at 66 MHz.
12. Togse = 0°C to +80°C at 60 MHz.
13. Tease = 0°C to +70°C at 66 MHz.

3.6 A.C. Specifications

The 66 MHz and 60 MHz A.C. specifications given in
Tables 3-3 and 3-4 consist of output delays, input
setup requirements and input hold requirements. All
A.C. specifications (with the exception of those for
the TAP signals) are relative to the rising edge of the
CLK input.

All timings are referenced to 1.5 volts for both “0”
and “1” logic levels unless otherwise specified.

. (16W max.) Typicat Pentium processor (510\60, 567\66) supply current is 2600 mA (13W) at 66 MHz.
. (14.6W max.) Typical Pentium processor (510\60, 567\66) supply current is 2370 mA (11.9W) at 60 MHz.

Within the sampling window, a synchronous input
must be stable for correct Pentium processor
(510\60, 567\66) operation.

Care should be taken to read all notes associated
with a particular timing parameter. In addition, the
following list of notes apply to the timing specifica-
tion tables in general and are not associated with
any one timing. They are 2, 5, 6, and 14.
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Table 3-3. 66 MHz Pentium® Processor (510\60, 567\66) A.C. Specifications
Voo = 4.9V 10 5.40V; Teage = 0°Cto +70°C; C = O pF

Symbol Parameter Min Max Unit | Figure Notes
Frequency 33.33 | 66.66 MHz 1x CLK
ty CLK Period 15 ns 3.1
t1a CLK Period Stability +250 ps (18), (19), (20), (21)
t2 CLK High Time 4 ns 3.1 @2V, (1)
ta CLK Low Time 4 ns 3.1 @0.8V, (1)
171 CLK Fall Time 0.15 1.5 ns 3.1 (2.0vV-0.8V), (1)
ts CLK Rise Time 0.15 1.5 ns 3.1 (0.8V-2.0V), (1)
ts ADS#, A3-A31, BT0-3, PWT, 15 8.0 ns 3.2
PCD, BEO-7#, M/IO#, D/C#,
W/R#, CACHE #, SCYC, LOCK#
Valid Delay
tea AP Valid Delay 1.5 9.5 ns 3.2
ty ADS#, AP, A3-A31, BT0-3, 10 ns 33 1)
PWT, PCD, BEO-7 #, M/IO#,
D/C#. W/R#, CACHE #, SCYC,
LOCK # Fioat Delay
tg PCHK #, APCHK #, IERR #, 1.5 8.3 ns 3.2 (4)
FERR # Valid Delay
tg BREQ, HLDA, SMIACT # Valid 1.5 8.0 ns 3.2 (4)
Delay
t1o HIT#, HITM# Valid Delay 1.5 8.0 ns 3.2
t44 PMO-1,BP0-3, IU, IV, IBT Valid 1.5 10 ns 3.2
Delay
t11a PRDY Valid Delay 1.5 8.0 ns 3.2
ti2 D0-D&3, DPO-7 Write Data Valid 1.5 9 ns 3.2
Delay
t13 D0-63, DP0-7 Write Data Float 10 ns 33 (1)
Delay
t14 A5-A31 Setup Time 6.5 ns 34
tis A5-A31 Hold Time 15 ns 34
t1e EADS#. INV, AP Setup Time 5 ns 3.4
ti7 EADS# . INV, AP Hold Time 1.5 ns 3.4
tig KEN#, WB/WT # Setup Time 5 ns 3.4
ti8a NA# Setup Time 4.5 ns 34
tig KEN#, WB/WT #, NA# Hold 1.5 ns 3.4
Time
too BRDY # Setup Time 5 ns 3.4
121 BRDY # Hoid Time 1.5 ns 3.4
to2 AHOLD. BOFF # Setup Time 5.5 ns 34
to3 AHOLD, BOFF # Hold Time 15 ns 3.4
2-32
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Table 3-3. 66 MHz Pentium® Processor (510\60, 567\66) A.C. Specifications
Voo = 4.9V 10 5.40V; Tgage = 0°C to +70°C; G = 0 pF (Continued)

Symbol Parameter Min | Max Unit Figure Notes
tog BUSCHK #, EWBE #, HOLD, PEN # 5 ns 3.4
Setup Time
tos BUSCHK #, EWBE #, HOLD, PEN # 1.5 ns 3.4
Hold Time
toe A20M #, INTR, Setup Time 5 ns 3.4 (12), (16)
to7 A20M#, INTR, Hold Time 1.5 ns 3.4 (13)
tog INIT, FLUSH #, NMI, SMI#, IGNNE # 5 ns 3.4 (16), (17)
Setup Time
tag INIT, FLUSH #, NMI, SMI#, IGNNE # 1.5 ns 34
Hold Time
t30 INIT, FLUSH #, NMI, SMI#, IGNNE # 2 CLKs (15), (17)
Puise Width, Async
t31 R/S# Setup Time 5 ns 3.4 (12), (16), (17)
32 R/S# Hold Time 1.5 ns 3.4 (13)
t3s R/S# Pulse Width, Async. 2 CLKs (15), (17)
t34 D0-D63 Read Data Setup Time 3.8 ns 34
ta4a DPO-7 Read Data Setup Time 3.8 ns 3.4
35 D0-D63, DPO-7 Read Data Hold Time 2 ns 3.4
t3g RESET Setup Time 5 ns 3.5 (11), (12), (16)
37 RESET Hold Time 1.5 ns 3.5 (11), (13)
tag RESET Pulse Width, Voo & CLK Stable 15 CLKs 3.5 (11)
t3g RESET Active After Vo & CLK Stable 1 ms 3.5 power up, (11)
tao Pentium® processor (510\60, 567\66) 5 ns 3.5 (12), (16), (17)
Reset Configuration Signals (INIT,
FLUSH #, FRCMC #) Setup Time
t41 Pentium processor (510\60, 567\66) 1.5 ns 3.5 (13)
Reset Configuration Signals (INIT,
FLUSH#, FRCMC #) Hold Time
t42 Pentium processor (510\60, 567\66) 2 CLKs 3.5 (16)
Reset Configuration Signals (INIT,
FLUSH #, FRCMC #) Setup Time, Async.
t43 Pentium processor (510\60, 567\66) 2 CLKs 3.5
Reset Configuration Signals (INIT,
FLUSH #, FRCMC #) Hold Time, Async.
tas TCK Frequency ' 16 | MHz
tas TCK Period 62.5 ns 3.1

M 4826175 0158L15 795 2-33
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Table 3-3. 66 MHz Pentium® Processor (510\60, 567%66) A.C. Specifications
Voo = 4.9V 10 5.40V; Teage = 0°Cto +70°C; CL = O pF (Continued)

Symbol Parameter Min | Max | Unit | Figure Notes
tas TCK High Time 25 ns 31 @2V, (1)
ts7 TCK Low Time 25 ns 3.1 @0.8V, (1)
tag TCK Fall Time 5 ns 3.1 (2.0V-0.8V), (1), (8), (9)
tag TCK Rise Time 5 ns 31 (0.8V-2.0V), (1), (8), (9)
ts0 TRST # Pulse Width 40 ns 3.7 Asynchronous, (1)
tsq TDI, TMS Setup Time 5 ns 3.6 )
ts2 TDI, TMS Hold Time 13 ns 3.6 (7)
ts3 TDO Vaiid Delay 3 20 ns 3.6 (8)
ts4 TDO Float Delay 25 ns 3.6 (1), (8)
tss All Non-Test Outputs Valid Delay 3 20 ns 3.6 (3), (8), (10)
tse All Non-Test Outputs Float Delay 25 ns 3.6 (1), (3), (8), (10)
ts7 Alt Non-Test Inputs Setup Time 5 ns 3.6 (3), (7). (10)
tsg All Non-Test Inputs Hold Time 13 ns 3.6 (3), (7), (10)
NOTES:

1. Not 100% tested. Guaranteed by design/characterization.

2. TTL input test waveforms are assumed to be 0 to 3 Volt transitions with 1Volt/ns rise and fall times.

3. Non-Test Qutputs and Inputs are the normal output or input signals (besides TCK, TRST#, TDI, TDO, and TMS). These
timings corresponc to the response of these signais due to boundary scan operations.

4. APCHK #, FERR#, HLDA, IERR#, LOCK#. and PCHK# are glitch free outputs. Glitch free signals monotonically tran-
sition without false transitions (i.e. glitches).

5. 0.8 V/ns < CLK mnput rise/fall time < 8 V/ns.

6. 0.3 V/ns < Input rise/fall time < 5 V/ns.

7. Referenced to TCK rising edge.

8. Referenced to TCK falling edge.

9. 1 ns can be addea to the maximum TCK rise and fall times for every 10 MHz of frequency below 16 MHz.

10. During probe mode operation, use the normal specified tirﬁings. Do not use the boundary scan timings (tss.5g).

11. FRCMC# shouid be tied to Vg (high) to ensure proper operation of the Pentium processor (510\60, 567\66) as a
master Pentium processor (510\60, 567\66).

12. Setup time is required to guarantee recognition on a specific clock.

13. Hold time is required to guarantee recognition on a specific clock.

14. All TTL timings are referenced from 1.5 V.

15. To guarantee proper asynchronous recognition, the signal must have been deasserted (inactive) for a minimum of 2
clocks before being returned active and must meet the minimum pulse width.

16. This input may be driver asynchronously.

17. When driven asynchronously, NMi, FLUSH#, R/S#, INIT, and SMI# must be deasserted (inactive) for a minimum of 2
clocks before being returned active.

18. Functionality s guaranteed by design/characterization.

18. Measured or rising edge of adjacent CLKs at 1.5V.

20. To ensure a 1:1 relationship between the amplitude of the input jitter and the internal and external clocks, the jitter
frequency spectrum should not have any power spectrum peaking between 500 KHz and /; of the CLK operating frequency.
21. The amount of jitter present must be accounted for as a component of CLK skew between devices.
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PENTIUM® PROCESSOR (510\60, 567\66)

Table 3-4. 60 MHz Pentium® Processor (§10\60, 567\66) A.C. Specifications
Voo = 5V £5%; Tease = 0°Cto +80°C; C| = OpF

Symbol Parameter Min Max | Unit | Figure Notes
Frequency 33.33 60 MHz 1x CLK
4 CLK Period 16.67 ns 3.1
ta CLK Period Stability +250 | ps (18), (19), (20), (21)
to CLK High Time 4 ns 3.1 @2V, (1)
t3 CLK Low Time 4 ns 3.1 @0.8V,(1)
t4 CLK Fall Time 0.15 1.5 ns 3.1 (2.0v-0.8V), (1)
ts CLK Rise Time 0.15 1.5 ns 3.1 (0.8V-2.0V), (1)
ts ADS#, A3-A31, BT0-3, PWT, PCD, 15 9.0 ns 3.2
BEO-7#,M/IO#,D/C#, W/R#,
CACHE #, SCYC, LOCK# Valid Delay
tea AP Valid Delay 1.5 105 ns 3.2
t7 ADS#, AP, A3-A31, BT0-3, PWT, 11 ns 3.3 (@)
PCD, BEO-7#, M/10#, D/C#, W/R#,
CACHE #, SCYC, LOCK # Float Delay
tg PCHK#, APCHK #, IERR #, FERR # 1.5 9.3 ns 3.2 (4)
Valid Delay
tg BREQ, HLDA, SMIACT # Valid Delay 1.5 9.0 ns 3.2 4)
t1o0 HIT#, HITM# Valid Delay 1.5 9.0 ns 3.2
t11 PM0-1, BPO-3, 1U, IV, IBT Valid Delay 1.5 11 ns 3.2
t11a PRDY Valid Delay 1.5 9.0 ns 3.2
ty2 D0-D63, DPO-7 Write Data Valid Delay 1.5 10 ns 3.2
t13 DO0-D63, DPO-7 Write Data Float Delay 11 ns 3.3 {1)
t14 A5-A31 Setup Time 7 ns 3.4
tys A5-A31 Hold Time 1.5 ns 34
t1e EADS#, INV, AP Setup Time 55 ns 34
t47 EADS#, INV, AP Hold Time 1.5 ns 3.4
t1s KEN#, WB/WT # Setup Time 55 ns 3.4
t18a NA # Setup Time 5.0 ns 3.4
t1g KEN#, WB/WT#, NA# Hold Time 15 ns 3.4
top BRDY # Setup Time 5.5 ns 3.4
toq BRDY # Hold Time 1.5 ns 3.4
too AHOLD, BOFF # Setup Time 6 ns 3.4
taz AHOLD, BOFF # Hold Time 15 ns 34
tog BUSCHK #, EWBE #, HOLD, PEN # 5.5 ns 34
Setup Time
tos BUSCHK #, EWBE #, HOLD, PEN # 15 ns 34
Hold Time

I
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Table 3-4. 60 MHz Pentium® Processor (510\60, 567\66) A.C. Specifications
Vee = 5V £5%; Tcase = 0°Cto +80°C; CL = 0 pF (Continued)

Symbol | Parameter Min Max Unit Figure Notes
tog A20M#, INTR, Setup Time 55 ns 3.4 (12), (16)
to7 A20M#, INTR, Hold Time 15 ns 3.4 (13)
tog INIT, FLUSH #, NM|, SMI#, IGNNE # 5.5 ns 3.4 (16), (17)
Setup Time
tog INIT, FLUSH #, NMI, SMI#, IGNNE # 1.5 ns 3.4
Hold Time
t3o INIT, FLUSH #, NMI, SMi#, IGNNE # 2 CLKs (15), (17)
Pulse Width, Async
t31 R/S # Setup Time 5.5 ns 3.4 (12), (16), (17)
tao R/S# Hold Time 1.5 ns 34 (13)
tas R/S# Pulse Width, Async. 2 CLKs (15), (17)
t34 D0-D63 Read Data Setup Time 4.3 ns 34
t34a DP0-7 Read Data Setup Time 4.3 ns 3.4
tas DC-D63, DP0-7 Read Data Hold Time 2 ns 3.4
tas RESET Setup Time 5.5 ns 3.5 (1), (12), (16)
taz RESET Hold Time 1.5 ns 3.5 (11), (13)
t3g RESET Pulse Width, Vcc & CLK Stable 15 CLKs 35 (11)
tag RESET Active after Vo & CLK Stable 1 ms 3.5 Power Up, (11)
tao Pentium® Processor (510\60, 567\66) 55 ns 3.5 (12), (16), (17)
Reset Configuration Signals (INIT,
FLUSH#, FRCMC #) Setup Time
t41 Pentium Processor (510\60, 567\66) 1.5 ns 3.5 (13)
Reset Configuration Signals (INIT,
FLUSH#, FRCMC #) Hold Time
ta2 Pentium Processor (510\60, 567\66) 2 CLKs 35 (16)
Reset Configuration Signals (INIT,
FLUSH#, FRCMC #) Setup Time,
Async.
t43 Pentium Processor (510\60, 567\66) 2 CLKs 3.5
Reset Configuration Signals (INIT,
FLUSH#, FRCMC #) Hold Time,
Async.
tas TCK Freguency 16 MHz
t4 TCK Period 62.5 ns 3.1
5
tas TCK High Time 25 ns 3.1 @2V, (1)
ta7 TCK Low Time 25 ns 3.1 @0.8V, (1)
tag TCK Fall Time 5 ns 3.1 (2.0v-0.8V),
(1), (8). 9
49 TCK Rise Time 5 ns 3.1 (0.8V-2.0V),
(1), (8), (9)
236 BN 482LL75 0158518 4TH MH
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PENTIUM® PROCESSOR (510\60, 567\66)

Table 3-4. 60 MHz Pentium® Processor (510\60, 567\66) A.C. Specifications

Vee = 5V £5%; Toase = 0°C to +80°C; C = 0 pF (Continued)

Symbol Parameter Min Max Unit Figure Notes

ts0 TRST # Pulse Width 40 ns 3.7 Async, (1)

ts1 TDI, TMS Setup Time 5 ns 3.6 @)

ts2 TDI, TMS Hold Time 13 ns 3.6 (7)

t53 TDO Valid Delay 3 20 ns 3.6 (8)

tsa TDQO Float Delay 25 ns 3.6 (1), (8)

tss All Non-Test Outputs Valid Delay 3 20 ns 3.6 (3), (8), (10)

tse All Non-Test Outputs Float Delay 25 ns 3.6 (1), (3), (8), (10)

ts7 All Non-Test Inputs Setup Time ns 3.6 (3), (7), (10)

tsg All Non-Test Inputs Hold Time 13 ns 3.6 (3), (7), (10)
NOTES:

1. Not 100% tested. Guaranteed by design/characterization.

2. TTL input test waveforms are assumed to be 0 to 3 Volt transitions with 1Volt/ns rise and fall times.

3. Non-Test Outputs and Inputs are the normal output or input signals (besides TCK, TRST#, TDI, TDO, and TMS). These

timings correspond to the response of these signals due to boundary scan operations.

4. APCHK #, FERR #, HLDA, IERR#, LOCK#, and PCHK# are glitch free outputs. Glitch free signals monotonically tran-
sition without false transitions (i.e. glitches).

5. 0.8 V/ns < CLK input rise/fall time < 8 V/ns.
6. 0.3 V/ns < Input rise/fall time < 5 V/ns.

7. Referenced to TCK rising edge.

8. Referenced to TCK falling edge.

9. 1 ns can be added to the maximum TCK rise and fall times for every 10 MHz of frequency below 16 MHz.

10. During probe mode operation, use the normal specified timings. Do not use the boundary scan timings (i55_sg).
11. FRCMC# should be tied to Vg (high) to ensure proper operation of the Pentium processor (510\60, 567\66) as a

master Pentium

processor (510\60, 567\66).

12. Setup time is required to guarantee recognition on a specific ciock.
13. Hold time is required to guarantee recognition on a specific clock.

14. All TTL timings are referenced from 1.5 V.
15. To guarantee proper asynchronous recognition, the signal must have been deasserted (inactive) for a minimum of 2

clocks before being returned active and must meet the minimum pulse width.

16. This input may be driven asynchronously.
17. When driven asynchronously, NMI, FLUSH#, R/S#, INIT, and SMi# must be deasserted (inactive) for a minimum of 2
clocks before being returned active.

18. Functionality is guaranteed by design/characterization.
19. Measured on rising edge of adjacent CLKs at 1.5V.

20. To ensure a 1:1 relationship between the amplitude of the input jitter and the internal and external clocks, the jitter
frequency spectrum should not have any power spectrum peaking between 500 KHz and 4 of the CLK operating frequency.
21. The amount of jitter present must be accounted for as a component of CLK skew between devices.

I
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Each valid delay is specified for a 0 pF load. The system designer shouid use 1/0 buffer modeling to account
for signal flight time delays.

Tv = 5, 149
Tw = t4, t48
Tx = t3, t47 241595-5
Ty = t1, 145
Tz = t2, t46

Figure 3-1. Clock Waveform

soat /L[ /[ /s

241595-6
ux = 16, t6a, t8. t9, t10. 111, 1114, t12
Figure 3-2. Valid Delay Timings
15v I/ 15V / B Tz
Tx Ty
Ty " b
o DOII)
/[
Tx = t7, 113 241595-7
Ty = témin. t12min
Figure 3-3. Float Delay Timings
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CLK

Signal

ANANANANAN

241595-8
Tx = t14, t16, t18, t18a, 120, 122, t24, t26, 128, 131, 134, t34a
Ty = 15, t17, t19, t21, 123, 125, 127, 129, t32, 135

Figure 3-4. Setup and Hold Timings

N\
CLK
Tz o o ® Tv
/ Ty

1.5v X

RESET N
Tt = 140 - -
I_u = Ig; Config * * VALID )( |
v =
Tw = 142 I T ™
Tx = 143 241595-9 |
Ty = 138, t39
Tz = 136
Figure 3-5. Reset and Configuration Timings
TCK
Tv Tw 1
™ AN\
™S
Tx Tu
™o ANAMANNAK XANNWN—
Ty Tz
Output A\
- Querat TNV SN LK X
Ts = t58 Tr Ts |
Tu = t54 3
Tv = 151 storaie MO NV \ ) SRNRRANY
Tw = t52
Tx = 153 241595-10
Ty = 155
Tz = t56
Figure 3-6. Test Timings
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| Tx

[
o
<

TRST#

Tx = 150 24159511

Figure 3-7. Test Reset Timings

4.0 ME TION Figure 4-1 shows the package dimensions for the
0 CHANICAL SPECIFICATIONS Pentium processor (510\60, 567\66). The mechani-

The Pentium processor (510\60, 567\66) is pack- cal specifications are provided in Table 4-2.
aged in a 273 pin ceramic pin grid array (PGA). The

pins are arranged in a 21 by 21 matrix and the pack-

age dimensions are 2.16” x 2.16" (Table 4-1).

Table 4-1. Pentium® Processor (510\60, 567\66) Package Information Summary

ckage | Total Pin . Estimat
Packag N Package Size ed
Type Pins Array Wattage
Pentium® PGA 273 21 x 21 2.16" X 2.16” 16
Processor 5.49cm X 549 cm
(510\60, 567\66)
NOTE:
See D.C. Spectfications for more detailed power specifications.
SEATING
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241595-12

Figure 4-1. Pentium® Processor (510160, 567\66) Package Dimensions
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PENTIUM® PROCESSOR (510\60, 567\66)

Frz.

N _+ CuW Heat spreader

/ Braze Metalization

I

D4
A
-
241595-14
Figure 4-2. Pentium® Processor (510\60, 567\66) Package Dimensions
Table 4-2. Pentium® Processor (510\60, 567\66) Mechanical Specifications
Family: Ceramic Pin Grid Array Package
Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 3.91 4.70 Solid Lid 0.1564 0.185 Solid Lid
A1 0.38 0.43 Solid Lid 0.015 0.017 Solid Lid
A2 2.62 4.30 0.103 0.117
A4 0.97 1.22 0.038 0.048
B 0.43 0.51 0.017 0.020
D 54.66 55.07 2.152 2.168
D1 50.67 50.93 1.995 2.005
D2 37.85 38.35 Spreader Size 1.490 1.510 Spreader Size
D3 40.335 40.945 Braze 1.588 1.612 Braze
D4 8.382 0.330
€1 2.29 2.79 0.090 0.110
F 0.127 Flatness of 0.005 Flatness of
spreader spreader
measured measured
diagonally diagonally
L 2.54 3.30 0.120 0.130
N 273 Total Pins 273 Total Pins
s1 1651 | 216 0.065 | 0.085
M 4326175 0158623 6L1 W 24
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5.0 THERMAL SPECIFICATIONS ¢ Attach the thermocouple bead or junction to the
center of the package top surface using high
The Pentium processor (510\60, 567\66) is speci- thermal conductivity cements. The laboratory
fied for proper operation when Tg (case tempera- testing was done by using Omega Bond (part
ture) is within the specified range. To verify that the number: OB-100).
proper Tc is maintained, it should be measured at e The thermocouple should be attached at a 90 de-
the center of the top surface (opposite of the pins) of grees angle as shown in Figure 5-1. When a heat
the device in gquestion. To minimize the measure- sink is attached, a hole (no larger than 0.15")
ment errors, it is recommended to use the following should be drilled through the heat sink to allow
approach: probing the center of the package as shown in
* Use 36 gauge or finer diameter k, t, or j type ther- Figure 5-1.
mocouples. The laboratory testing was done us- e If the case temperature is measured with a heat
ing a thermocouple made by Omega (part num- sink attached to the packags, drill a hole through
ber: 5TC-TTK-36-36). the heat sink to route the thermocouple wire out.

uuLn|rurunun

— | L L
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241595-13
Figure 5-1. Technique for Measuring Tcage
An ambient temperature Ty is not specified directly. where, T, Ta, and T¢ = Junction, Ambient and
The only restriction is that T¢ is met. To determine Case Temperature, respectively.
the allowabl9 Ta values, the following equations 64c, 04a and Oca = Junction-to-Case,
may be used: Junction-to-Ambient, and Case-to-Ambient

T, = TC+ (" 6,0 Thermal Resistance, respectively.
J = No) A .
P = Maximum Power Consumption

Ta =Ty = (P* 6,4 ) .
Table 5-1 lists the 8, and 8ca values for the Penti-
Oca = 8ja — B4c um processor (510\60, 567\66).

Ta = Tc — (P " 8ca)

Table 5-1. Junction-to-Case and Case-to-Ambient Thermal Resistances for the Pentium® Processor
(510\60, 567\66) (With and Without a Heat Sink)

6sc fca vs Airflow (ft/min)
1] 200 400 600 800 1000
With 0.25" Heat Sink 0.6 8.3 54 3.5 26 2.1 1.8
With 0.35" Heat Sink 0.6 74 4.5 3.0 2.2 1.8 1.6
With 0.65" Heat Sink 0.6 5.9 3.0 1.9 1.5 1.2 1.1
Without Heat Sink 1.2 10.5 7.9 5.5 3.8 2.8 2.4

NOTES:

1. Heat Sink: 2.1 sq. in. base. omni-directional pin Al heat sink with 0.050 in. pin width, 0.143 in pin-to-pin center spacing and
0.150 in. base thickness. Heat sinks are attached to the package with a 2 to 4 mii thick layer of typical thermal grease. The
thermal conductivity of this grease is about 1.2 w/m °C

2. fca values shown in Taple 5-1 are tvpical values.The actual 8ca values depend on the air flow in the system (which is
typically unsteaagy, non uniform and turbulent) and thermal interactions between Pentium® processor (510\60, 567\66) and
surrounding components though PCB and the ambient
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